Optical single-channel recording: imaging Ca2+ flux through individual N-type voltage-gated channels expressed in Xenopus oocytes.
Functional studies of single membrane ion channels were made possible by the introduction of the patch-clamp technique, which allows single-channel currents to be measured with unprecedented resolution. Nevertheless, patch clamping has some limitations: including the need for physical access of the patch pipette, possible disruption of local cellular architecture, inability to monitor multiple channels, and lack of spatial information. Here, we demonstrate the use of confocal fluorescence microscopy as a non-invasive technique to optically monitor the gating of individual Ca2+ channels. Near-membrane fluorescence signals track the gating of N-type Ca2+ channels with a kinetic resolution of about 10ms, provide a simultaneous and independent readout from several channels, and allow their locations to be mapped with sub-micrometer spatial resolution. Optical single-channel recording should be applicable to diverse voltage- and ligand-gated Ca2+-permeable channels, and has the potential for high-throughput functional analysis of single channels.